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In the coastal marine ecosystem, zooplankton plays an important role. Its distribution and assortment, however, are 
driven by several physio-chemical parameters in an association. In the present study, a short-term investigation on the 
zooplankton community was carried out between July 2016 to November 2016 at the coastal region of Muttukadu, Chennai 
to unveil the critical association between zooplankton and physio-chemical parameters. Pronounced changes in physio-
chemical parameters were recorded in study area. Nitrate (0.55 ± 0.05 µM) and nitrite (6.23 ± 1.35 µM) showed an inverse 
relationship with chlorophyll-a during August and November. Among the identified zooplankton groups, copepods cover 52 
% of total zooplankton abundance except for the month of August 2016. This was followed by a contrast in abundance 
between calanoid copepod (ranging from 182 ± 45 – 67 ± 1 Individuals L-1) and Brachionus sp. (rotifer) (ranging from  
15 ± 3 – 7 ± 1 Individual L-1) in the months of July and September 2016. Our findings shows a crucial binding between 
physio-chemical parameters, phytoplankton (chlorophyll-a), and zooplankton, and dependency between plankton groups for 
food within the Muttukadu ecosystem. 
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Introduction 
Zooplankton are the key players in the marine food 
cycle due to their substantial abundance and diversity. 
They also serve as a trophic link between the 
macroscopic as well as the microbial food webs1. 
Zooplankton mediates a principal pathway for the 
flow vitality and organic components from 
phytoplankton to consumers at next levels in the food 
chain2. Their excretory products provide good 
nitrogen sources which support the growth of 
microbes and phytoplankton2.  
The spread and assortment of marine zooplankton 
is determined by environmental parameters such as 
temperature, pH, salinity, light, and food availability3. 
In the recent past, anthropogenic factors such as 
pollution and changes in climatic conditions have 
added additional pressure on the diversity of 
zooplankton. These changes ultimately affect the 
functioning of marine ecosystems by changing 
ecological processes4,5. For example, anthropogenic 
factors interact with physico-chemical processes and 
interfere with stratification and up-welling processes 
in marine ecosystems causing shifts in zooplankton 
diversity5. It is thus important to know the effects of 
environmental parameters on marine zooplankton 
dynamics.  
The Muttukadu coast (study area) is highly 
dynamic and connected to the backwaters of 
Muttukadu, near Chennai. Environmental factors such 
as salinity, temperature, and pH are affected by 
terrestrial runoff and are seasonally variable. The 
major objectives of our short-term study are: firstly, to 
determine the impact of physico-chemical factors and 
nutrients on zooplankton spread and assortment;  
and secondly to understand relationship between 
phytoplankton biomass and zooplankton and species 
interactions (prey-predator interaction). 
 
Materials and Methods 
 
Study area 
The Muttukadu coast (12.8221° N, 80.2405° E) is 
situated ~33 km south of Chennai in south-east India. 
The coast is well known for fishing (by local 
villagers) and tourism (boating) activities. The coast 
meets the backwaters through a channel and a sandbar 
(the width of the sandbar varies between a few meters 
to 200 meters depending on the month) that is formed 
between them due to the action of waves, currents and 




low water volume of the backwaters throughout the 
year except during the monsoon6. The sandbar is 
completely eroded during the monsoon period due to 
excess freshwater inflow. The physico-chemical 
parameters are generally highly affected by backwater 
flow and seasonal changes (Fig. 1). Hence, this study 
site was chosen as a natural experimental area to 
understand and investigate our objectives. 
 
Plankton collection and quantification  
Plankton are sampled by towing a zooplankton net 
of 80 µm mesh size in the subsurface coastal waters. 
Sample collection was performed between July 2016 
and November 2016. Seawater was filtered and 
concentrated to 50 mL and the zooplankton were 
fixed with 5 % formalin in acid-washed HDPE 100 
mL bottles. The collected zooplankton were identified 
down to the lowest possible taxon following 
Kasturirangan7 and Conway et al.8. Aliquots were 
used for counting and quantifying plankton and  
each sample was counted at least thrice to prevent 
miscounting of rare species. Seawater samples (2 L in 
triplicates) were collected in acid-washed HDPE 
bottles out of which, 1000 mL of water was utilized 
for estimation of chemical parameters. Furthermore, 
the samples were analyzed using spectrophotometer 
[UV-VIS] (JASCO, MD, USA), following Strickland 
and Parsons9 method. To determine chlorophyll 
concentration from seawater, 500 mL of water (in 
triplicate) was filtered through Whatman Glass 
Microfibres (GF/C) 47 mm and transferred to 15 mL 
dark glass bottles (Borosilicate), containing 10 mL of 
90 % acetone (P. A. grade) for chemical extraction. 
The bottles were kept in dark for 12 hours at  
-20 °C and the filter papers were crushed, and 
centrifuged at 3500 rpm for 10 min in a cooling 
centrifuge (Yangtai Instruments, China). Chlorophyll 
was measured in spectrophotometer [UV-VIS] 
(JASCO, MD, USA) following the method of 
Strickland and Parsons9. Dissolved oxygen and total 
alkalinity were measured from the standard protocol 
devised by Strickland and Parsons9. Temperature, pH, 
and salinity was estimated using thermometer  
(GH Zeal Ltd, London, UK), a pH-meter (Hanna® 
Instruments, RI, USA), and a refractometer (ATAGO 
Co Ltd, Tokyo, Japan). All measurements were 
performed in triplicates and the average value was 
considered. Zooplankton was counted using Wildco 
Sedgewick rafter counting slide (Cole Parmer, Vernon 
Hills, Illinois, USA) under a stereo zoom microscope 
(20X) (Motic SMZ 168 series, Kowloon, Hong 
Kong). Individuals per liter (Ind. L-1) was used as unit 
for zooplankton quantification. After quantification, 
 
 
Fig. 1 — Muttukadu, east coast of south India 




Shannon diversity indices (H) were calculated 
following the equation 
 
H'= −∑ pi Ln pi 
 
Where, pi is the number of discrete members found in 
species. We can approximate the percentage as pi = 
ni/N, where, ni is the number of discrete members in 
species i and N is the total number of discrete 
members in the plankton. 
 
Statistical analysis 
Pearson correlation was performed between observed 
physico-chemical parameters. The correlations and the 
graphs were plotted in graphical software, Origin version 
9 (Microcal Software Inc, Northampton, MA, USA). 
 
Results and Discussion  
 
Physico-chemical parameters  
Parameters including nitrate, ammonia, phosphate, 
and silicate except nitrite showed pronounced changes 
during the period of sampling as shown in Figure 2. 
Nitrate and nitrite showed an inverse relationship with 
chlorophyll in the months of August (0.55 ± 0.05 µM) 
and November (6.23 ± 1.35 µM). Higher phytoplankton 
biomass (chlorophyll-a) during the month of August 
(3.72 ± 0.03 mg/m3) could be due to a higher 
utilization of nitrate and vice-versa during November 
when the biomass was less (1.04 ± 0.09 mg/m3). 
Nitrate, nitrite, and ammonia reach the marine 
environment through atmospheric deposition, surface, 
groundwater runoff, and nitrogen fixation10. These 
nutrients are the major nitrogenous source for 
phytoplankton growth11. Moreover, nitrogen and 
phosphate are known to bottom-up regulate the 
zooplankton community by limiting or fostering the 
primary production in the marine environment12. 
Phosphate concentration was high during November 
(5.47 ± 0.05 µM) compared to the average level of 
2.49 ± 0.12 µM for the rest of the year. Similarly, 
silicate concentration was also high during October 
(12.98 ± 0.77 µM) compared to a normal range (8.31 
± 0.75 µM) during the other months. This could be 
due to freshwater runoff during the monsoon season 
(October and November)10. River runoff and 
upwelling are the major sources of phosphate and 
silicate infusion into the marine ecosystems13. 
Phosphate is the primary nutrient co-limiting plankton 
growth along with nitrogen14 and for certain groups of 
phytoplankton such as diatoms, silicate also plays a 
major role as macro-nutrient15. Silicate is involved in 
the silicacious cell wall formation of phytoplankton 
such as diatoms and during ocean upwelling, the 
vertical mixing of deep seawater rich with nutrients 
plays an important role in structuring phytoplankton 
communities15.  
The water temperature was high during July 2016 
(30.1 ± 0.8; Fig. 3). The water temperature in the 
ocean is affected by several factors such as  
wind, freshwater inflow, sunlight availability, and  
rainfall that can increase and decrease the water 
temperature16. In general, seawater pH is controlled 
by salinity, temperature, freshwater addition, and 
extraction of CO2 by photosynthetic organisms17.  
A low pH was measured during August 2016 and the 
changes in pH are shown in Figure 3. Seawater pH 
regulates the abundance and diversity of zooplankton, 
a decrease in pH will lower zooplankton abundance18. 
Similarly, the productivity and growth of zooplankton 
increase under alkaline conditions19. There was a 
 
 
Fig. 2 ― Variation of nutrients at the Muttukadu coast, India 
 
 
Fig. 3 — Variation of physical parameters at the Muttukadu coast, 
India 




decline in salinity during August 2016 (21 ± 0.3 ppt) 
as shown in (Figure 3), which could be due to a 
barrage of water from the Muttukadu estuary.  
Sathpathy20 reported that a decline in salinity could 
be due to excess rainfall or freshwater inflow. 
Moreover, the sandbar that occurs at the mouth of the 
Muttukadu Estuary acts as a physical barrier between 
the coast and the backwater, affecting the water 
quality21. Generally, the backwater is restricted from 
the main waters between summer and pre-monsoon 
when the sandbar is formed and the backwater flows 
freely when the sandbar gets eroded during October–
December due to freshwater inundation because of 
rainfall21. However, owing to severe floods at the 
Chennai coast in December 2015, the sandbars in 
Muttukadu and other areas were removed physically 
during August 2016 as a preventive measure to 
protect the neighboring localities from spillovers 
(unpublished). The sudden mixing of freshwater from 
the estuary could be the reason for a decrease in 
salinity during our study period. The correlation 
analysis was performed between physico-chemical 
parameters and the values are shown in Table 1.  
 
Zooplankton and Chlorophyll-a 
In the present investigation, 11 zooplankton taxa 
were identified during sampling (Table 2). Among the 
identified zooplankton in this temporal point, 
copepods contributed 52 % (calanoid - 40 %, 
cyclopoid - 10 %, and harpacticoid - 1 %) to the 
overall density and rotifer (Brachionus sp.) dominated 
the zooplankton community only in the month of 
August with 96 % density. Similar to our results, 
zooplankton diversity at the Parangipettai coast  
was dominated by copepoda (53.48 %), followed  
by rotifers (25.58 %)22. Mantha et al.23 studied the 
seasonal variation of meiofaunal communities at the 
east coast of south India and stated that copepods 
represent the most abundant zooplankton group 
followed by cladocerans. The dominance of copepods 
in our study area could be attributed to food 
availability, frequent recruitment and the ability to 
adapt to environmental stress24.  
In addition, total zooplankton density and total 
chlorophyll concentration showed a significant 
correlation during the sampling period (Fig. 4).  
The chlorophyll-a level that was observed during the 
present study period was between 1.4 – 6.4 mg/m3. 
Similar values were stated in other reports from the 
east coast of south India21. Surface chlorophyll-a 
levels at the Kalpakkam coast (south-east India) were 
between 0.28 – 8.29 mg/m3 between February to 
January (2006-2007), the chlorophyll-a level during 
Table 1 — List of zooplankton taxa identified during sampling 
Taxa July August September October November 
Rotifer (Brachionus sp.) + + + + - 
Chaetognath (Sagitta sp.) + - + - + 
Jelly Fish (Pleurobrachia sp.) + + + - + 
Calanoid copepod  + + + + + 
Cyclopoid copepod  + + + + + 
Harpacticoid copepod  + + + + + 
Copepod Nauplii  + + + + + 
Polychaete trochophore larvae (Spionid sp.) + + + + + 
Fish Egg + - + + + 
Fish Larvae (Angulliformes) + - - + - 
Shrimp Larvae (Penaeus sp.) + - - - - 
Zoea (Portunus pelagicus) + - - - - 
Decapod larvae (Portunus pelagicus) + - - + - 
 
Table 2 — Pearson correlation between physicochemical parameters observed at Muttukadu Coast 
 Salinity Temperature pH Nitrate Nitrite Phosphate Silicate Ammonia 
Salinity 1 -0.48 0.97* 0.52 0.8 0.54 0.16 0.22 
Temperature -0.48 1 -0.49 -0.24 -0.50 -0.61 0.49 0.17 
pH 0.97* -0.49 1 0.68 0.86 0.69 0.22 0.27 
Nitrate 0.52 -0.24 0.68 1 0.78 0.90* 0.54 0.55 
Nitrite 0.8 -0.50 0.86 0.78 1 0.80 0.46 0.65 
Phosphate 0.54 -0.61 0.69 0.90* 0.80 1 0.21 0.36 
Silicate 0.16 0.49 0.33 0.54 0.46 0.21 1 0.90* 
Ammonia 0.22 0.17 0.27 0.55 0.65 0.36 0.90* 1 
 




July 2006 to November 2006 ranged between  
1.5 – 5.8 mg/m3,25, Chlorophyll-b was higher than 
chlorophyll-c during August 2016 and October 2016. 
Chlorophyll-b corresponds generally to the green 
algal biomass that is preferred by rotifers owing to 
their size and structure26.  
The Shannon diversity index showed contradictory 
patterns with zooplankton density sampled between 
July 2016 to November 2016 as shown in Figure 5.  
In August, the zooplankton density was found to be 
high followed by low diversity. Similarly, in the 
month of November, the diversity was high followed 
by low zooplankton density due to the occurrence of 
zooplankton species with low density. Moreover, the 
dynamics of zooplankton diversity for different 
months (rather than seasons) depends on their 
reproductive cycle27. Several zooplankters spend their 
whole life cycle as plankton i.e. holoplankton, while 
several undergo transitory planktonic intermezzos, 
e.g. a meroplankton28. Meroplankton represented a 
major zooplankton component in the Muttukadu 
coastal region throughout the sampling period. In our 
study, we discovered that meroplankton were 
dominantly composed of decapod larvae, shrimp 
larvae, zoeae, and fish eggs. Santhanam and 
Perumal25 reported the occurrence of meroplankton 
like shrimp zoea, fish eggs, shrimp larvae at 
Parangipettai (south east coast of India). As reported 
in our study they have also reported that fish eggs and 
larvae were abundant during the pre-monsoon season.  
 
Prey predator relationship  
Calanoid copepods and rotifers showed a 
significant inverse relationship throughout the 
sampling period as shown in Figure 6. In the present 
investigation calanoid copepod were abundant during 
the months of July (182 ± 45 Individuals L-1) and 
September (67 ± 1 Individuals L-1) followed by low 
abundance of rotifers (Brachionus sp.) 15 ± 3 and  
7 ± 1 Individuals/L, respectively. A low rotifer 
abundance could be due to a high predation rate by 
calanoid copepods. In general, zooplankton comprises 
herbivorous and omnivorous species, and predation 
among themselves determines their structure in 
marine ecosystems29. Moreover, like our results, the 
population of rotifer was found to be higher during 
monsoon and post-monsoon season25. Nevertheless, 
 
 
Fig. 4 — Variation of zooplankton density and Chlorophyll at the




Fig. 5 — Zooplankton diversity observed at the Muttukadu coast, 




Fig. 6 — Inverse relationship between A. Calanoid copepod and
B. Rotifer at the Muttukadu coast, India 
 




the copepod predation rate can influence the 
reproductive rates of rotifer population30. Rotifers are 
often the preferred prey by calanoid and cyclopoid 
copepods31, leading to a decrease in rotifer population 
during certain seasons32. In addition, species including 
ctenophores, siphonophores, chaetognaths, euphausids, 
and hydromedusae also influence the size of the 
zooplankton community33.  
 
Conclusion 
Zooplankton are an important group of plankton in 
the marine food chain. Understanding their seasonal 
variation, composition, and role has a great ecological 
significance. There is a substantial evidence for the 
impact of environmental drivers in its abundance, 
phenology, spread, and community structure. Our 
short-term study from the Muttukadu coastal region 
showed that the zooplankton community was linked 
to variations in chlorophyll-a and b concentration and 
predator-prey relationships as reasoned, based on 
changes between rotifer and copepod abundance.  
A shift in zooplankton peak biomass due to 
environmental drivers could directly impact the food 
availability of higher trophic level organisms. 
Therefore, continuous and long-term monitoring of 
the seasonal changes of plankton biodiversity and its 
availability in relation with physico-chemical 
parameters is mandatory. Moreover, long-term 
monitoring data are essential for documenting and 
understanding impacts of environmental factors on 
coastal ecosystems, and their associated organisms. 
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